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[57] ABSTRACT

Disclosed is an electron beam current stabilizing device

comprising a sensing element (12) responsive to the

beam current deviation from the predetermined value, a
saw-tooth voltage shaper (14) connected to a high-voit-
age transformer (2) of an acceleration voltage source
and providing periodic saw-tooth voltage, smoothly
sloping portions thereof being shaped starting from the
moment when the voltage at the high-voltage trans-
former (2) crosses zero, an adder (13) whose one input
is connected to the output of the sensing element (12),
and the other input, to the output of the shaper (14), a
threshold element (15) connected to the output of the
adder (13), a differentiator (16) connected to the output
of the threshold element (15) to shape the electric driv-
ing pulses when the smoothly sloping portions of the
saw-tooth voltage cross at the output of the adder (13)
the threshold level of the threshold element (15), a light
source connected to the output of the differentiator (16)
to convert the electric driving pulses into the light
pulses, and a photothyristor (11) controlied by light
pulses and inserted into the primary winding of the
heater transformer (5) supplied from one of the second-
ary windings of the high-voltage transformer (2).

4 Claims, 12 Drawing Figures
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1

ELECTRON BEAM CURRENT STABILIZING
DEVICE

FIELD OF THE INVENTION

The present invention relates to accelerator tech-
nique, and more particularly to electron beam current
stabilizing devices. |

BACKGROUND OF THE INVENTION
It is known that the magnitude of a charged particle
beam current in the accelerators designed for industrial
application is a basic factor defining the radiation dose
value within the accelerator irradiation field. When the

material is treated by a charged particle beam, for exam-
ple, by an electron beam, it acquires certain predeter-

‘mined properties depending on the radiation dose:-Un--

stability of the radiation dose results in deviation and
spread of the properties of the irradiated material from
the predetermined specifications. In order to provide
the stability of the radiation dose it is very important to
stabilize the electron beam current. |

The magnitude of the electron beam current is ad-
justed generally by alteration of the cathode emission
current varying either the cathode heater current or the
intensity of the electric field around the cathode of the
accelerating tube.

Known in the art is an electron beam current stabiliz-
ing device (Cf. an article by Akoulov V. V. et al.
“Promishlennie uskoriteli serii “Elektron” dlja radiat-
sionnoi himii”, preprint of NIIEFA No. D-0198, Lenin-
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grad, 1974, p.I1l), comprising a ferroresonant voltage

regulator connected to a secondary winding of an accel-

erator high-voltage transformer, designed to supply the

accelerating tube cathode heater, and an adjustable
autotransformer connected to the output of the ferro-
resonant regulator. Connected to the output of the auto-
transformer is a primary winding of the cathode heater
transformer, the autotransformer being regulated by
means of a reversible electric motor the shaft of which
is coupled through an insulating bar with a sliding
contact of the autotransformer. The reversible motor is

~actuated by an operator controlling the magnitude of

the electron beam current. |
The aforementioned device provides considerably
low beam current stability because of, in the first place,
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low stability of ferroresonant voltage regulators when |

alteration of the voltage in a supply network occurs, in

‘the second place, the ambiquous relation between the

cathode heater voltage and the cathode temperature
(the resistance of the heater circuit and herewith the
heater current may vary in the course of operation
resulting in the alteration of the cathode temperature
which brings, in its turn, again to the alteration of the
heater circuit resistance etc.) whereas it is known that
the cathode emission current depends exactly on the
cathode temperature and, in the third place, the loss of
emissive properties by the activated cathode due to the
aging of said cathode. |

Besides, the aforementioned device fails to provide
automatic adjustment of the beam current and therefore

a considerably large period of time may pass from the

moment of alteration of the beam current to the moment
of effecting the control, during which the radiation dose
will not correspond to a rated value thus leaving a part
of the treated material devoid of the required property.

Known in the art is an electron beam current stabiliz-
ing device (C.f. Japanese Pat. No. 34514, published in
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1974), comprising a thyristor current stabilizer inserted
in the cathode heater circuit. The beam current 1s ad-
justed in this device, similar to the aforementioned one,
by an operator actuating the current stabilizer through
insulating bar coupled with the shaft of the reversible
electric motor. The device according to this patent
provides better stability of the beam current since the
heater current and not the heater voltage define the
temperature of the cathode and consequenty the beam
current. However, the stability of the beam current is
still not sufficient due to participation of a2 man in the
process of control.

Also known in the art is an electron beam current
stabilizing device (Cf. U.S. Pat. No. 3,293,483 published
in 1966), comprising a photosensitive element con-
nected to a cathode of an accelerating tube to adjust the

beam current, and a light source controlling this photo=- -

sensitive element. The photosensitive element 1s made
as a photoresistor. The cathode of the accelerating tube
1s connected through a secondary winding of the heater
transformer and through the photoresistor with a nega-
tive output of the acceleration voltage source. The
negative output of the acceleration voltage source is
also connected to an accelerating tube modulator dis-

- posed near the cathode. The primary winding of the

heater transformer i1s connected generally to one of the
secondary windings of the high-voltage transformer of
the acceleration voltage source.

Means are provided in the device for regulation of
the intensity, or brightness, or the spectral composition
of the light emanating from the light source, which
allow the resistance of the photoresistor to be set such
that the potential difference between the cathode and
the modulator of the accelerating tube at a given partic-
ular value of the acceleration voltage corresponds to
the predetermined beam current.

The required beam current value is maintained auto-
matically owing to the fact that when the beam current
is deviated from the required value, voltage drops at the
photoresistor and therewith the potential difference
between the cathode and the modulator is altered, said
alteration of the potential difference being character-
ized by the reduction of said beam current deviation
caused by said alteration.

The device according to this patent also fails to pro-
vide the sufficient accuracy of stabilization of the elec-
tron beam current, which is attributed first of all to the
low stability of the intensity and spectral composition of
the light radiation as well as to the effect of various
interferences upon the transmitted analogue light signal.
Unstability of the light radiation results in unstability of
the resistance of the photoresistor. Since the light
source is not inserted in the control circuit formed by
the photoresistor, the cathode of the accelerating tube
and the modulator, the regulation error will be propor-
tional to the variation in the parameters of the light
source. The accuracy of the beam current stabilization
is reduced also because of a considerable temperature
unstability of the resistance of the photoresistor ap-
proaching about 0.5-3% per a degree whereas the tem-
perature of the accelerator may vary in the course of its
operation by as much as 30-40 degrees.

Furthermore the accuracy of stabilization in this de-
vice depends on the beam current magnitude and,
namely, decreases with the increase in the beam current
magnitude, which is explained by the fact that the
greater is the portion of the acceleration voltage that



.

drops at the photoresistor, the higher is the accuracy of

- stabilization. When it 1s necessary. to increase the beam -

current the operator should decrease the resistance of
the photoresistor through changing the light influence,
thus decreasing the portion of the acceleration voltage

of the photoresistor, the stability of the beam current
being consequently lowered.
What i1s more, the increase in the beam current is

accompanied also by additional temperature unstability
of the beam current attributed to the heat release at the
photoresistor when the beam current flows across it.
Thus, for example, to reach the accuracy of stabilization
of the order of about several percent, the voltage drop
at the photoresistor should be about 2-5% of the accel-
eration voltage. It does not bring to considerable heat-
ing of the photoresistor when the light beam current is
equal, for example, to 100 microamperes, since the
power released at the photoresistor does not exceed
several watts, while the power of about several kilo-
watts will be released on the photoresistor when the
beam current is equal, for example, to 100 milliamperes
and the acceleration voltage i1s equal, for example, to
500 kilovolts. Since heat removal from the high poten-
tial area of the accelerator presents difficuities, the pho-
toresistor will be strongly heated whereby its resistance
will considerably vary resulting in the alteration of the

voltage drop at the photoresistor and. therewith the

beam current, i.e. in unstability of the beam current.
The device according to the U.S. Pat. No. 3,293,483
cannot be also used for stabilization of heavy beam
currents in modern high-power accelerators designed
for industrial application because all photoresistors
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‘to adjust the beam current, and a light source to control

the photosensitive element, wherein, according to the
invention, the device further comprises a sensing ele-
ment responstve to the beam current deviation from the

predetermined value, a saw-tooth voltage shaper con-

nected to the high-voltage transformer and providing
the periodic saw-tooth voltage, shaping of the smoothly
sloping portions of which starts at the moments when

the voltage at the high-voltage transformer crosses

zero, an adder whose one input is connected to the

output of the sensing element responsive to the beam
current deviation from the predetermined value and
whose other mnput i1s connected to the output of the
saw-tooth voltage shaper, a threshold element, con-
nected to the output of the adder, and a differentiator
connected to the output of the threshold element to

shape the electric driving pulses-when the smoothly - -

sloping portions of the saw-tooth voltage at the output
of the adder, cross the threshold level of the threshold
element, the light source being connected to the output
of the differentiator to convert the electric driving
pulses into the light pulses, while the photosensitive
element 1s made as a photothyristor inserted in a pri-
mary winding circuit of the heater transformer.

The accuracy of stabilization of the beam current in
the proposed device is increased due to the fact that the
light source is hooked into the control circuit, acting on

- the photosensitive element in accordance with the mag-

30

known at present are capable to pass the currents not

exceeding several milliamperes, the permissible volt-
ages not exceeding the tens of volts. In modern acceler-
ators maximum beam currents reach hundreds of milli-
amperes and the potential of the modulator with respect
to the cathode may reach several kilovolts. That 1s why
in order to stabilize such beam currents in the aforesaid
device at least several hundreds of photoresistors would

be required, connected in parallel and in series which, .

being of considerable dimensions, would occupy a large
area under the high potential where the space 1s ex-
tremely limited. |

Besides, the device according to the U.S. Pat No

cause of photoresistor inertia, so that the time from the
moment of setting the required resistance value of the
photoresistor to the moment when the beam current
reaches the required value may be long enough,
whereby a part of the material being treated is irradi-
ated by a reduced dose and thus becomes rejected.

SUMMARY OF THE INVENTION

The principal object of the present invention is to
provide an electron beam current stabilizing device
wherein the accuracy of stabilization 1s increased by
eltminating the effect of the alterations of the parame-
ters of the photosensitive element and the light source
as well as of the beam current magnitude upon the
accuracy of stabtlization. | |

With this principal object in view there 1s provided an

electron beam current stabilizing device for use with an

accelerating tube having a heated cathode connected to
a heater transformer supplied from one of the secondary
windings of the high-voltage transformer of the acceler-
ation voltage source, comprising a photosensitive ele-
ment connected to the cathode of the accelerating tube
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3,293,483 is characterized by considerable inertia be--

nitude of the beam current deviation from the predeter-
mined value, detected by the sensing element. The pres-
ence of the light source in the control circuit practically
excludes the effect of unstability of the parameters
thereof upon the accuracy of stabilization.

The use of the photothyristor as a photosensitive
element allows to eliminate the effect of unstability of
the resistance of the photosensitive element upon the

accuracy of the beam current stabilization since the

ad_lustment of the beam current, according to the inven-
tion, is carried out not by means of alteration of the
resistance of the photosensitive element, but through
alteration of the relation of the durations of time inter-
vals corresponding to the cut off and fired state of the
photosensitive element. |
The proposed device can provide practlcally any
required accuracy of stabilization irrespective of the
magnitude of the beam current by means of increasing

the transmission factors of the elements constltutlng the

- control circuit.

50

It is reasonable that the threshold level of the thresh-
old element have such a value as to provide, in the
absence of the beam current, shaping of the electric
driving pulses by differentiator at the moments when

- the voltage at the photothyristor rises to reach the value
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allowing, upon firing of the photothyristor, the current
equal to the holding current thereof to flow . there-
through. -

This reduces the time from the moment of switching
on of the accelerator to the moment when the beam
current reaches the required value. | |

1t 1s also resonable that the device comprise a diode
bridge inserted in the primary winding circuit of the
heater transformer and that the photothyristor be in-
serted in a diagonal of the diode bridge, whereby the
supply of the heater transformer by the alternating cur-
rent free from direct component is provided allowing

thus to avoid constant magnetlzatlon of the heater trans-
former core.
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The device may comprise a Zener diode connected 1n
series with the photothyristor.

When the Zener diode is used the effect of the time
required for regeneration of the photothyristor upon
operation of the device is eliminated which allows to
apply the device in the accelerators with higher supply
frequency.

‘The following description will be directed to the
- embodiments according to the present invention by
referring to the accompanying drawings. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an.electron beam cur-
rent stabilizing device, according to the invention;
FIG. 2 i1s another embodiment of connection of a
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photothyristor to a heater transformer in the device

shown in FIG.,and =~
FIG. 3a to 3j are time diagrams illustrating operation
of the device according to the invention.

. DESCRIPTION OF THE PREFERRED
'~ EMBODIMENTS OF THE INVENTION

An electron beam is shaped in an accelerating tube I
(FIG. 1) whose accelerating field i1s produced by an

acceleration voltage source comprising a high-voltage 25

transformer 2 having several secondary windings of
which the windings 3 are designed to generate the ac-
celeration voltage, and the winding 4 is designed to
supply a heater transformer 5 connected to a cathode 6
of the accelerating tube 1. Each of the windings 3 is
connected to a separate rectifier 7, all the rectfiers 7
being connected in series to obtain the required acceler-
ation voltage. |

The cathode 6 of the accelerating tube I is connected
electrically with a negative lead 8 of the acceleration
voltage source. A positive lead 9 of the acceleration
voltage source connected electrically with the last ac-
celerating electrode (not shown) of the accelerating
tube 1 is earthed through a resistor 10 having low resis-
tance and used for measuring the electron beam current.

The beam current is adjusted with the help of a pho-
tosensitive element represented, according to the inven-
tion, by a photothyristor II inserted in the primary
winding circuit of the heater transformer 5. According
to the invention, the adjustment of the electron beam
current is carried out by alteration of the current of the

heater cathode 6 effected through varying the time

intervals within the limit of each half-wave of the volt-
age on the high-voltage transformer 2 during which the
photothyristor II is maintained in a conducting state.
According to the invention, the device comprises
further a sensing element 12 responsive to the beam
current deviation from the predetermined value, an
adder 13, a saw-tooth voltage shaper 14, a threshold
element 15, a differentiator 16 and a light source to
control the conductance of the photothyristor II. The
sensing element 12 responsive to the beam current devi-
ation from the predetermined value is provided with a
comparison circuit 17 whose one input is connected to
the resistor 10 and the other, to the reference voltage
source 18. The input of the saw-tooth voltage shaper is
connected to the transformer 2, for example, to the
low-potential winding 3 of the transformer 2, though it
is possible, in principle, to connect the saw-tooth volt-
 age shaper 14 to a primary winding 19 of the trans-
former 2. However, the connection of the saw-tooth
voltage shaper 14 across the secondary winding of the
transformer 2 is more preferable due to the fact that this
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eliminates the effect of phase shift between the primary
and the secondary voltages of the transformer 2 occur-
ring when the load of the accelerator is changed.

The saw-tooth voltage shaper 14 comprises, for ex-
ample, a biphase rectifier 20, a threshold element 21,
connected to the output of the rectifier 20, and a saw-
tooth voltage generator 22 started by the signals from
the output of the threshold element 21. The frequency
of the saw-tooth voltage generated by the shaper 14 1s
twice as that of the voltage at the windings of the trans-
former 2, the shaping of the smoothly sloping portions
of the saw-tooth voltage starting at the moments when
the voltage at the windings of the transformer 2 crosses
Zero.

The output of the sensing element 12 i1s connected to
one of the inputs of the adder 13 the other input of
which is connected to the output of the saw-tooth volt-
age shaper 14, the adder 13 being made either of resis-
tors or on the base of an operational amplifier.

The output of the adder 13 is connected to the mput
of the threshold element 15 whose threshold level i1s
chosen to be such as to provide in the absence of the
beam current the minimum voltage at the output of the
adder 13 to be below the threshold level, and the maxi-
mum voltage to be above the threshold level.

Connected to the output of the threshold element 135
is the differentiator 16 to shape the electric driving
pulses whose shift with respect to the moments when
the voltage at the transformer 2 crosses zero 1s deter-
mined by the value and the sign of the beam current
deviation from the predetermined value. As it will be
shown below in connection with description of the
operation of the device, these driving pulses are shaped
when the threshold level of the threshold element 15 1s
crossed by the smoothly sloping portions of the saw-
tooth voltage generated at the output of the adder 13,
corresponding to the saw-tooth growth, i.e. from the
leading edges of the output signal of the threshold ele-
ment 15. The pulses shaped by the differentiator 16 at
the moments when the threshold level is crossed by the
steep portions of the saw-tooth voltage at the output of
the adder 13, corresponding to the saw-tooth decay, 1.e.
from the trailing edges of the output signal of the
threshold element 15, are not operative pulses and are
not used in the device.

Connected to the output of the differentiator 16 is the
light source represented by light-emitting diodes 23 and
shown in FIG. 1 as one light-emitting diode. The light-
emitting diodes 23 convert the electric driving pulses at
the output of the differentiator 16 into light pulses firing
the photothyristor II, the number of the light-emitting
diodes 23 being defined by the intensity of the light flow
required to fire the photothyristor II. A flash-lamp or a
laser can be also used as the light sources instead of the
light-emitting diodes 23.

Light pulses are transmitted from the light-emitting
diodes 23 to the photothyristor II through a light pipe
24, for example, a flexible light pipe made of glassfibre
or a rod made of organic glass.

According to one embodiment of the present inven-
tion the threshold level of the threshold element 13 is
such, that in the absence of the beam current the electric
driving pulses are shaped by the differentiator 16 at the
moments when the voltage at the photothyristor II rises
to reach the value at which the current on the photothy-
ristor becomes equal to the holding current thereof. In
this case upon switching on of the accelerator when the
beam current is zero, the photothyristor II will be con-
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- ducting practically during the whole half-period of the
voltage at the transformer 2, whereby full half-waves of
sinusoidal voltage will be applied to the heater trans-

former 5 and the cathode heater current will have its

maximum value exceeding the rated value required to

maintain the predetermined beam current. Hence the

cathode 6 of the accelerating tube I will .be heated
quicker than if it were heated by the rated heater cur-

rent, and the beam current will quicker reach the prede-—
termined value.

According to the embodiment of the present inven-
tion shown in FIG. 1, the photothyristor II is inserted
directly between the secondary winding 4 of the high-
voltage transformer 2 and the primary winding of the
heater transformer 5. In this case the photothyristor IT
will be fired not every half-period of sinusoidal voltage
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but every second half-period. To provide the heater

current flowing every half-period of the sinusoidal volt-
age, a diode 25, shown in the FIG. 1 by dotted lines,
may be inserted in parallel and opposite to the direction
of the conductance of the photothyristor II. In both
cases, with the diode 25 and without it, the heater trans-
former 5 will be supplied with the voltage assymetrical
with respect to the zero level. It is reasonable to make
the core of the transformer 5 split in order to prevent its
saturation when it is magnetized by direct component of
the heater current.

According to another embodiment of the present
invention, as best shown in FIG. 2, the primary winding
of the heater transformer 5 is connected to the winding
4 of the transformer 2 through a diode bridge 26, the
photothyristor II being inserted in the diagonal of the

diode bridge 26. The diode bridge 26 rectifies the volt-

age applhied to the photothyristor II so that the latter
will be fired each half-period of the voltage at the trans-
former 2 and the heater current will have the shape
- symmetrical with respect to the zero level.

In case when the supply frequency of the acceleration
voltage source is comparatively high, equal, for exam-
ple, to 400 c.p.s. it may occur that the time interval from
the moment of disconnecting of the photothyristor II as
a result of the decrease of its current at the end of each
half-period of the sinusoidal voltage to the moment of
its firing by the light pulse at the beginning of the next
half-period will be less than the time required for regen-
eration of the photothyristor II, this time being not long

enough for the photothyristor Il to be disconnected,

this making it uncontrollable. To prevent this, a Zener
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diode 27 is inserted in the diagonal of the diode bridge

27 1n series with the photothyristor II, the diode 27
having such a stabilization voltage that the voltage at
the photothyristor 11 is absent duting the period equal at
least to the period of its regeneration, as a result of
which the intervals wherein the photothyristor II is cut
off increase. The same effect may be obtained by insert-
ing two oppositely poled Zener diodes in the circuit of
the winding 4 of the transformer 2 in series with the
diode bridge 26. Since stabilization voltage of the Zener
diode is chosen to be many times less than the maximum
voltage of the heater supply, its application does not
affect much the power consumption.

The device according to the present invention. Oper-
ates as follows.
~ When the high-voltage transformer 2 (FIG. 1) is

connected to the alternating current mains, voltage 28
(FIG. 3a) i1s produced in its secondary windings 3,

50

35

8
on the secondary winding 4 of the transformer 2 is fed
through the diode bridge 26 (FIG. 2) and the primary
winding of the heater transformer 5 to the photothyris-
tor 11. In the absence of the light pulses the photothyris-

tor 1I is cut off and its voltage has the shape of a recti-
fied sinusoid 29 (FIG. 3b), the voltage in the primary

-winding of the heater transformer 5 (FIG. 2) and there-

with the cathode heater current being zero. Thus the

cathode 6 1s not heated and does not emit electrons even -

in the presence of the acceleration voltage.

The voltage from the low-potential wmdlng 3 (F IG |

1) of the transformer 2 is applied to the shaper 14 at the

output of which permdlc saw-tooth voltage 30 is gener-

ated (FIG. 3c¢) changing in a cophasal way with the
rectified sinusoid 29 (FIG. 3b) and having smoothly
sloping portions corresponding to the growth of the
saw teeth, and steep portions corresponding to the
decay of the saw teeth, the saw-tooth voltage being
either lineary rising or lineary falling. -
The comparison circuit 17 (FIG. 1) produces an error
voltage 31 (FIG. 3d) equal to the difference between the
reference voltage of the source 18 (FIG. 1) and the

voltage produced on the resistor 10 by the load current |
of the acceleration voltage source equal practically to-

the beam current. In the absence of the beam current
the error voltage 31 has maximum value equal to.the
reference voltage as shown in the left part of FIG. 34.

The error voltage 31 is added to the saw-tooth volt-
age 30 (FIG. 3c) in the adder 13 (FIG. 1) and is applied
to the input of the threshold element 15. The voltage at
the output of the adder 13 is indicated by numeral 32
and is shown in the FIG. 3e. The threshold element 15
(FIG. 1) responds to the passage of the voltage 32 (FIG.
3e) over the threshold level shown by a dotted line 33,
and generates a singal in the form of rectangular pulses
(FIG. 3/). |

As it was mentioned above in order to accelerate the
heating of the cathode 6 (FIG. 1) and hence to reduce

the time required for the beam current to reach the -

predetermined value, the threshold level of the thresh-
old element 15 is chosen such that the smoothly sloping

portions of the saw-tooth voltage 32 (FIG. 3e) from the

output of the adder 13 (FIG. 1) cross this threshold
level at the beginning of each half-period of the sinusoi-
dal voltage 28 (FIG. 3a) when the voltage at the pho-
tothyristor II (FIG. 2) reaches the value at which its
current 1s equal to the holding current.

The differentiator 16 (FIG. I) transform the rectangu—
lar pulses 34 (FIG. 3f) of the threshold element 15 (FIG.

1) into short pulses 35 (FIG. 3g) which are applied to

the light-emitting diodes 23 (FIG. 1). Under the action
of the positive pulses 35 (FIG. 3¢2) formed as a result of
differentiation of the leading edges of the pulses 34
(FIG. 3f) of the threshold element 15 (FIG. 1) light-
emitting diodes 23 emit light pulses 36 (FIG. 34) the
position of which, taken as a function of time, within
each half-period of the sinusoidal voltage 28 (FIG. 3a)
brings information about the beam current deviation
from the predetermined value. The negative pulses 35
(FIG. 3g) formed from the trailing edges of the pulses
34 (FIG. 3/) of the threshold element 15 (FIG. 1) do not

- affect the ight-emitting diodes 23.

63

which is rectified by the rectifiers 7 and fed to the cath-

ode 6 of the accelerating tube 1. The voltage produced

The light pulses 36 (FIG. 3A) fire the photothyrlstor
II (FIG. 2) at the beginning of each half-period of sinu-
soidal voltage, the photothyristor II remaining conduct-
ing practically during the whole half-period of the sinu-
soidal voltage and is cut off when the current in the
primary winding of the heater transformer 5 becomes
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equal to the holding current of the photothyristor 1.
When the photothyristor II is fired the voltage therein
drops practically to zero and all the voltage generated
in the winding 4 of the transformer 2 is found to be
applied to the primary winding of the heater trans-
former 5 (the voltage on the photothyristor II is indi-
cated by the numeral 37 in FIG. 3i). As a result, the
- heater current 38 (FIG. 3)) flows practically during the
whole half-period of the sinusoidal voltage so that the
average value of this current is considerably higher than
that of the rated heater current required to maintain the
predetermined current value. The cathode 6 (FIG. 1) 1s
intensively heated and when a certain temperature 1s
reached it starts to emit electrons shaped by the acceler-
ating tube I into a beam.

The load current of the acceleration voltage source

10
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~equal practically to the beam-current flows through the -

resistor 10 causing voltage drop thereat. As the load
current increases the error voltage 31 (FIG. 3d) de-
creases reducing consequently the voltage 32 (FIG. 3e)
at the output of the adder 13 (FIG. 1) and the moments
when this voltage passes over the threshold level 33
(FIG. 3e) of the threshold element 15 (FIG. 1) are dis-
placed to the right relative to the moments when the
sinusoidal voltage 28 (FIG. 3e) crosses zero. Conse-
quently the light pulses 36 (FIG. 3h) are also displaced
to the right, whereby the photothyristor II is fired later
in each half-period of the sinusoidal voltage and the
heater current 38 flows only during a part of the half-
- period of the sinusoidal voltage, as shown in the right
side of FIG. 3j, i.e. the average value of the heater
current decreases.

‘Displacement of the light pulses 36 (F1G. 34) contin-
ues until the average value of the heater current 38
(FIG. 3j) reaches the value providing the predeter-
mined beam current. |

If in operation of the accelerator the beam current
increases and exceeds the predetermined value, the
error voltage 31 (FIG. 3d) produced by the sensing
element 12 (FIG. 1) will change the sign, and the volt-
age 32 (FIG. 3e¢) at the output of the adder 13 (FIG. 1)
may decrease to the level when it does not cross the
threshold level 33 (FIG. 3e) of the threshold element 15
(FIG. 1). In this case light pulses 36 (FIG. 34) will not
be emitted, the photothyristor II (FIG. 2) remains cut
off and the current in the circuit of the heater cathode 6
ceases to flow until the beam current decreases down to
the predetermined value.

When the photothyristor 11 is inserted in the primary
winding circuit of the heater transformer 5 without the
diode bridge 26, as shown in FIG. 1, the device operates
in a similar way except that the photothyristor I is fired
during one half-wave in each period of the alternating
current voltage.

Commercial applicability

The present invention may be widely used in the
electron accelerators designed to irradiate different
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materials. By increasing the stability of the accelerator
beam current the invention provides better stability of
the radiation dose and consequently less spread in the
properties of the irradiated material. Besides, due to
reduction in time required to reach the predetermined
value of the beam current the application of the present
invention allows to increase the accelerator utilization
factor and thereby to increase the efficiency of the ac-
celerator for treatment of the material with the electron
beam.

We claim:

1. An electron beam current stabilizing device for use
with an accelerating tube having a heater cathode con-
nected to a heater transformer supplied from one of the
secondary windings of a high-voltage transformer of an
acceleration voltage source, said device comprising a

-photosensitive element connected to the cathode of the . ..

accelerating tube to adjust the beam current, and a hght
source to control the photosensitive element, character-

ized in that it further comprises a sensing element (12)
responsive to the beam current deviation from the pre-

determined value, a saw-tooth voltage shaper (14) con-
nected to the high-voltage transformer (2) and provid-
ing periodic saw-tooth voltage, smoothly sloping por-
tions thereof being shaped starting from the moment
when the voltage at the high-voltage transformer (2)
crosses zero an adder (13) whose one input is connected
to the output of the sensing element (12) and whose
other input is connected to the output of the saw-tooth
voltage shaper (14), a threshold element (15) connected
to the output of the adder (13), and a differentiator (16)
connected to the output of the threshold element (15) to
shape the electric driving pulses when the smoothly
sloping portions of the saw-tooth voltage cross the
threshold level of the threshold element (15) at the
output of the adder (13), the light source being con-
nected to the output of the differentiator (16) to convert
the electric driving pulses into the light pulses while,
the photosensitive element is made as a photothyristor
(IT) inserted in the primary winding circuit of the heater
transformer (5).

2. A device as set forth in claim 1, characterized in
that the threshold level of the threshold element (15)
has such a value, that in the absence of the beam cur-
rent, the electric driving pulses are shaped by the difter-
entiator (16) at the moments when the voltage at the
photothyristor (II) rises to reach the value allowing,
upon firing of the photothyristor (II), the current equal
to the holding current thereof to flow therethrough.

3. A device as set forth in claim 1 or 2, characterized
in that it comprises a diode bridge (26) inserted in the
primary winding circuit of the heater transformer (),
the photothyristor (II) being inserted in the diagonal of
the diode bridge (26).

4. A device as set forth in claim 3, characterized in
that it comprises a Zener diode (27) connected in series
with the photothyristor (1I).
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